The objective of this paper is to analyze the effects of heat and mass transfer in the presence of thermal radiation, internal heat generation and Dufour effect on an unsteady magneto-hydrodynamic mixed convection stagnation point flow towards a vertical plate embedded in a porous medium. The non-linear partial differential equations governing the flow are transformed into a set of ordinary differential equations using suitable similarity variables and then solved numerically using shooting method together with RungeKutta algorithm. The effects of the various parameters on the velocity, temperature and concentration profiles are depicted graphically and values of skin-friction coefficient, Nusselt number and Sherwood number for various values of physical parameters are tabulated and discussed. It is observed that the temperature increases for increasing values of the internal heat generation, thermal radiation and the Dufour number and hence thermal boundary layer thickness increases.
INTRODUCTION
Heat and mass transfer by natural convection in a fluid-saturated porous medium has always been an active area of research due to the plenty of applications such as oil recovery, geothermal reservoirs, drying of porous solids and cooling of nuclear reactors. The flow in the neighborhood of a stagnation line has attracted many researchers during the last century. Stagnation-point flows may be produced by a solid wall, while in other cases a free stagnation point or line exists in the fluid domain. Hiemenz (1911) made the first contribution in this direction by examining the two-dimensional flow of a fluid near a stagnation point and obtained an exact similarity solution of the governing equations. Thermal effects in such a flow were introduced by Eckert (1942) . The analysis by Devi et al. (1991) presented the unsteady mixed convection in stagnation point flows for arbitrary distribution of surface temperature and concentration or surface heat and mass flux conditions. They found that dual solutions exist for a certain range of the buoyancy parameter when the flow is opposing.
The effect of radiation on MHD flow and heat transfer problems has become industrially more important. Many engineering processes occur at high temperatures and hence the knowledge of radiation heat transfer is essential for designing appropriate equipment. In designing some of the complex equipments such as Nuclear power plants, gas turbines and various propulsion devices for aircrafts, the knowledge of radiation heat transfer becomes essential. In view of these, many authors have made contributions to the study of fluid flow with thermal radiation. The problem of radiative natural convection heat transfer flow past an inclined surface embedded in a porous medium is investigated by Lee et al. (2008) . They observed that velocity increases and temperature decreases by increasing porosity parameter. Later, this work has been extended by Bhuvaneswari et al. (2012) . They have analyzed this problem with the inclusion of internal heat generation and found that both the velocity and temperature increase significantly when the value of the heat generation parameter increases. Karthikeyan et al. (2013) have studied the influence of thermal radiation on magnetoconvection flow of an electrically conducting fluid past a semi-infinite vertical porous plate embedded in a porous medium with time dependent suction. Radiation effects on boundary layer flow and heat transfer of a fluid with variable viscosity along a symmetric wedge is investigated by Mukhopadhyay (2009) . Babu et al. (2014) have analyzed the steady MHD boundary layer flow due to an exponentially stretching sheet with radiation in the presence of mass transfer and heat source or sink.
Convective heat and mass transfer with chemical reaction plays an important role in meteorological phenomena, burning of haystacks, spray drying of milk, fluidized bed catalysis and cooling towers. Bhuvaneswari et al. (2009) examined the convective flow, heat and mass transfer of an incompressible viscous fluid past a semi-infinite inclined surface with first-order homogeneous chemical reaction by Lie group analysis. Soret and Dufour effects on similarity solution of hydro magnetic heat and mass transfer over a vertical plate with a convective surface boundary condition and chemical reaction are studied by Gangadhar (2013) . Lie group analysis of natural convection over an inclined semi-infinite plate with variable thermal conductivity is investigated by Bhuvaneswari and Sivasankaran (2014) . They observed that the velocity and temperature for all angles increase when the thermal conductivity parameter increases. An analysis of visco-elastic free convective MHD flow over a vertical porous plate through porous media in presence of radiation and chemical reaction is presented by Choudhury and Kumar Das (2014) . An investigation of the effects of Hall current and rotation on unsteady hydro-magnetic natural convection flow with heat and mass transfer of an electrically conducting, viscous, incompressible and time dependent heat absorbing fluid past an impulsively moving vertical plate in a porous medium taking thermal and mass diffusions into account is carried out by Seth et al. (2015) . Various aspects of stagnation-point flow and heat transfer have been studied by many researchers and thus a considerable literature have been generated on this domain. The problem of the flow near a stagnation point of a heated surface embedded in a fluid saturated porous medium has been subject of several numerical and analytical studies. Simultaneous heat and mass transfer by natural convection in a two dimensional stagnationpoint flow of a fluid saturated porous medium, using the Darcy-Boussinesq model, including suction/blowing, Soret and Dufour effects are studied by Postelnicu (2010) . There has been many works related to mixed convection flow near the stagnation point on a vertical surface/plate in a porous medium. The problem of unsteady mixed convection boundary layer flow near the region of a stagnation point on a heated vertical surface embedded in a fluid-saturated porous medium is considered by .
The stagnation-point flow due to a stretching sheet has received much attention because of its significance in industry, such as, extrusion of polymers, glass fiber, the cooling of metallic plate and the aerodynamics. Further, the inclusion of magnetic field in the study of stagnation point flow has many practical applications, for example, the cooling of turbine blades, where the leading edge is a stagnation point, or cooling the nose cone of the rocket during re-entry. Hayat et al. (2010) analyzed the problem of steady MHD two-dimensional mixed convection boundary layer flow of a viscous and incompressible fluid near the stagnation-point on a vertical stretching surface embedded in a fluidsaturated porous medium and thermal radiation. A study on the effects of heat generation/absorption and chemical reaction on unsteady MHD flow heat and mass transfer near a stagnation point of a three dimensional porous body in the presence of a uniform magnetic field is presented by Chamkha et al. (2011) . Sharma and Singh (2009) have investigated the effects of variable thermal conductivity, heat source/sink and variable free stream on flow of a viscous incompressible electrically conducting fluid and heat transfer on a non-conducting stretching sheet in the presence of transverse magnetic field near a stagnation point. It has been found that the rate of heat transfer at the sheet increases due to increase in the Prandtl number, while it decreases due to increase in the Hartmann number. Sinha (2014) presented a numerical solution on a MHD stagnation-point flow with heat transfer over a shrinking sheet in the presence of magnetic field. The effects of slip velocity and thermal slip on an electrically conducting viscous incompressible fluid are investigated in this paper. Steady two-dimensional stagnation point flow and heat transfer of a nanofluid over a porous stretching sheet with heat generation is investigated analytically by Malvandi et al. (2014) . Their results indicate that the reduced Nusselt number declines with increasing in Lewis number whereas the reduced Sherwood number increases. Mahapatra and Gupta (2002) investigated the steady, two-dimensional stagnation-point flow of an incompressible viscous fluid towards a stretching surface. Mahapatra et al. (2007) further analyzed the same problem for the MHD flow. The steady two-dimensional stagnation-point flow of a viscous and incompressible fluid over a stretching vertical sheet in its own plane was investigated theoretically by Ishak et al. (2006) . Unsteady boundary layer flow in the stagnation point region on a stretching flat sheet, where the unsteadiness is caused by the impulsive motion of the free stream velocity and by the suddenly stretched surface, has been analyzed by . Singh et al. (2010) considered the convective heat and mass transfer in the presence of the volumetric rate of heat generation/ absorption, which depends on local specie concentration. This work has been extended by Makinde (2012) to include hydro-magnetic mixed convection stagnation point flow with thermal radiation past a vertical plate embedded in a porous medium. Kazem et al. (2011) have analytically studied the problem of the twodimensional stagnation-point flow in a porous medium of a viscous incompressible fluid impinging on a permeable stretching surface with heat generation/absorption. Motivated by the above studies, we investigate the behavior of MHD mixed convection stagnationpoint flow towards a vertical plate embedded in a highly porous medium with heat and mass transfer in the presence of thermal radiation, internal heat generation, Soret and Dufour effects in this paper. It is also assumed that the viscous and electrical dissipation are neglected. The MHD equations for two dimensional stagnation-point flow of heat and mass transfer towards a heated vertical plate are
MATHEMATICAL ANALYSIS
The boundary conditions are
Using the Rosseland approximation, the radiative heat flux in the y-direction is given by 
We introduce the following non-dimensional variables
Now we introduce the following similarity transformations as , c y v
where ( identically. By substituting Eqs. (7) - (9) into Eqs. (2) - (5), we obtain the following nonlinear ordinary differential equations:
where K is the porous medium permeability parameter, R is the thermal radiation parameter, Gr is the local thermal Grashof number, Gc is the local solutal Grashof number, T Ri is the thermal Richardson number, C Ri is the solutal Richardson number, Pr is the Prandtl number, Sr is the Soret number, Df is the Dufour number, Sc is the Schmidt number, M is the magnetic field intensity parameter, Cr is the chemical reaction parameter, and S is the internal heat generation parameter.
The corresponding boundary conditions (5) now becomes 0,
as .
  
(13) The set of equations (10)- (12) under the boundary conditions (13) have been solved numerically by applying the shooting iteration technique together with Runge-Kutta fourth-order integration scheme. From the process of numerical computation, theskin-friction coefficient, the local Nusselt number and the local Sherwood number are respectively given by 2 2 , (7), (8) and (13) into (15), we obtain the expressions for the skin-friction coefficient, the 
RESULTS AND DISCUSSION
Equations (10)- (12) constitute a highly non-linear coupled boundary value problem of third and second order for which the closed-form solution cannot be obtained. Hence the problem has been solved numerically using shooting technique along with fourth order Runge-Kutta scheme. The basic idea of the shooting method for solving boundary value problem is to try to find appropriate initial condition for which the computed solution "hits the target" so that the boundary conditions at the other points are satisfied. Furthermore, the higher order non-linear differential equations are converted into simultaneous linear differential equations of first order and they are further transformed into initial valued problem. The iterative solution procedure was carried out until the error in the solution became less than a predefined tolerance level. We have computed the values of the skin-friction coefficient, the local heat transfer rate and the local mass transfer rate and made a comparison with the corresponding values obtained by Makinde (2012) in Table 1 . One can observe that the present results are in good agreement with that of the work by Makinde (2012) . Table 2 
Velocity Profiles
The effect of increasing values of K on the velocity profile is presented in Figure 2 . It is clear that the velocity decreases gradually on increasing values of K. Fig. 3 shows the influence of magnetic field on the velocity. As M increases, we observe that the velocity also increases and attains its peak value when M = 8 before sliding down rapidly to reach the free stream velocity. Ri . This figure indicates that the velocity increases due to the increase in the species buoyancy force. The velocity attains a distinctive maximum in the vicinity of the plate and then decelerates to approach the free stream velocity. The effect of increasing the internal heat generation parameter S on velocity is illustrated in Fig. 6 . It is observed that the velocity increases with an increase in the internal heat generation and there is an overshoot in the fluid velocity towards the plate surface. This is due to the fact that the rise in S has the tendency to increase the fluid temperature which in turn causes an increased fluid velocity along the plate due to buoyancy effect. 
Temperature Profiles
The temperature of the flow suffers a substantial change with the variations of heat generation parameter S, radiation parameter R and Dufour number Df. The effect of heat generation parameter S is presented in Fig. 7 . Here we notice that there is a steep rise in temperature for the increasing values of S. The thermal boundary layer thickness increases with an increase in internal heat generation. An increase in thermal radiation R results in an increase in the fluid temperature within the boundary layer is shown in Fig. 8 . As a consequence, thermal boundary layer also increases.
The effect of Dufour number Df on temperature field is as shown in Fig. 9 . From this figure, it is observe that an increase in the Dufour number Df increases the temperature inside the boundary layer. 
Concentration Profiles
The variations in the concentration boundary layer corresponding to Soret number Sr and chemical reaction parameter Cr are depicted in Fig. 10 and 11. Figure 10 plots the concentration profiles for different values of Sr. As seen from this graph that concentration of species increases with increasing values of the Soret number leading to an increase in thermal boundary value thickness. 
CONCLUSIONS
In this study, the behavior of MHD mixed convection stagnation-point flow towards a vertical plate embedded in a highly porous medium with heat and mass transfer in the presence of thermal radiation, internal heat generation, Soret and Dufour effects is investigated. The transformed system of non-linear ordinary differential equations is solved numerically by shooting method together with sixth-order Runge-Kutta scheme. From this analysis, the following conclusions are drawn.
(i) The skin-friction coefficient and the local Sherwood number increase with increasing values of magnetic parameter (M). For increasing values of internal heat generation (S) and Dufour number (Df), the skin-friction coefficient and the local Sherwood number increase whereas the local Nusselt number decreases. When the radiation parameter increases, the local Nusselt number and the local Sherwood number increase whereas the skin-friction coefficient decreases.
(ii) The velocity distribution across the boundary layer are increased with an increase in magnetic parameter, thermal Richardson number, solutal Richardson number and then internal heat generation while they show opposite trends with increasing values of the permeability parameter.
(iii) For increasing values of the internal heat generation, thermal radiation and the Dufour number, the temperature increases and hence thermal boundary layer thickness increases.
(iv) The concentration of species increases with increasing Soret number whereas increasing values of chemical reaction parameter decreases the concentration of species in the boundary layer and hence the solutal boundary layer thickness becomes thinner.
